To analyze the frequency, cause, and outcome of ischemic and hemorrhagic stroke in DMD, we retrospectively reviewed the clinical data of 59 male patients, who lived at the Wichernhaus in Altdorf, a specialized learning and living facility for handicapped children and young adults near Nuremberg in Germany, between 1963 and 2013. Data were collected from the DMD patients' medical files obtained from the treating Department of Neurology and Department of Orthopedics of the Rummelsberg Hospital, a teaching hospital of the Friedrich-Alexander University of Erlangen-Nürnberg, Germany, and from a local general practitioner serving the facility. Data collection was authorized by the ethics committee of the FriedrichAlexander University of Erlangen-Nürnberg. Informed consent from patients was not required based on the retrospective analyses of medical records.
D
uchenne muscular dystrophy (DMD) is the most frequent muscular dystrophy with an incidence of 1 in 3600 to 6000 male births. 1 The disease usually manifests between the third and fifth year of life and leads to a steady decline in strength and motor function, contractures, and loss of ambulation between 9 and 13 years of age. 1 Furthermore, the lack of dystrophin protein expression in cardiac tissue of DMD patients is frequently associated with cardiomyopathy. 1 The diagnosis of DMD is nowadays established by mutation analysis of the dystrophin gene or lack of dystrophin protein expression in diagnostic muscle biopsies. 1 In years previous to the identification of the underlying dystrophin gene defect, DMD was diagnosed on the basis of its typical clinical presentation, very high creatine kinase levels, and dystrophic muscle biopsy findings. To date, no curative therapy is available for DMD, and most patients die in the second to forth decade of life because of respiratory or cardiac failure. Although cardiomyopathy is a frequent and prognosis-defining feature of DMD, just a small number of cases with stroke in DMD patients has been reported to date (Table) . [2] [3] [4] [5] [6] [7] In this study, we retrospectively analyzed the frequency, cause, and outcome of stroke in a German cohort of 54 DMD patients, who lived in a regional facility for handicapped people between 1963 and 2013.
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Diagnosis of DMD was made according to the criteria at the respective time. Diagnostic criteria for likely DMD were (1) disease manifestation between the third and fifth year of life with proximal muscle weakness and calf hypertrophy; (2) loss of ambulation between 9 and 13 years; (3) death before the age of 25/35 years without/with ventilation support, respectively; (4) high creatine kinase levels (>15× upper limit of normal); and (5) dystrophic pattern in muscle biopsy if performed. Diagnostic criteria for definite DMD were additional (1) report of a DMD causing dystrophin gene mutation or (2) report of negative dystrophin immunostaining in a muscle biopsy.
Medical records were analyzed with regard to the diagnosis of ischemic or hemorrhagic stroke. Stroke was defined as acute onset of a focal neurological deficit with proof of infarction or hemorrhage in a corresponding brain territory by computed tomographic imaging or magnetic resonance imaging (MRI).
The 95% confidence interval for incidence rate was calculated based on the Byar method. 
Results
Our retrospective analysis of the medical records of 59 male individuals identified 54 patients fulfilling the diagnostic criteria for definite (n=11) or likely (n=43) DMD. In the remaining 5 individuals, at least 1 DMD-defining criterion was not fulfilled, resulting in exclusion from further analysis.
The analysis of the 54 DMD patients covered a total observation time of 400 patient-years with a mean follow-up period of 7.4 (range, 0.2-17.3) years. Mean age at admission and discharge from the long-term care facility or death were 11.4 (range, 3.8-22.1) and 18.8 (range, 12.1-35.0) years, respectively. In this cohort, we identified 4 individuals with arterial ischemic strokes, yielding an incidence rate of 1 in 100 patient-years (95% confidence interval, 0.3339-2.3751; Table) . None of the patients had any evidence for hemorrhagic stroke.
Patient 1 is a 16-year-old DMD patient, who was admitted because of acute dysarthria, left-sided central facial weakness, and complete loss of motor function of his left hand in 
Discussion
Ischemic strokes in DMD have previously been described in a small number of patients, [2] [3] [4] [5] [6] [7] but epidemiological data on cerebral infarction in DMD and in primary myopathies in general are scarce. 9 In a prospective observational study published in Stroke 1987, 10 none of 52 DMD patients were reported as having cerebral infarction. A Japanese questionnaire-based study published in 1996 reported 5 cerebral infarctions among 665 DMD patients within the year 1993, yielding a stroke incidence rate of 0.75 per 100. 6 Covering 54 DMD patients and a total observation period of 400 patient-years, our study identified 4 patients with arterial ischemic strokes manifesting between 13 to 16 years of age, yielding an incidence rate of 1 per 100 patient-years. This is much higher than the overall arterial ischemic stroke incidence in childhood, which is quoted as 1.6 per 100 000.
11
Off-label thrombolysis with recombinant tissue-type plasminogen activator in 2 boys led to a swift and marked remission of their stroke-related deficits. In line with previously reported data about safety of alteplase in childhood ischemic stroke, 12 systemic thrombolysis in both juveniles was without adverse events. MRI along with stroke workup point to a thromboembolic cause of their stroke. The other 2 13-and 16-year-old DMD patients had major ischemic strokes in 1998 and 1994, respectively. Both had severe and persistent ischemia-related symptoms; 1 patient died 13 days after his stroke and the other survived gravely handicapped by severe motor aphasia. Analyses of the medical files of these 4 stroke patients revealed (1) no history of previous cerebrovascular episodes; (2) no preexisting anticoagulant or platelet antiaggregation therapy; and (3) no evidence for common cerebrovascular risk factors, coagulation disorders, vasculitis, or other strokerelated vascular pathologies. However, all 4 had a documented history of cardiac dysfunction ranging from impaired left ventricular systolic function (patients 2 and 4) to severe dilated cardiomyopathy (patients 1 and 3). Although none had evidence of atrial fibrillation, the occurrence of juvenile ischemic stroke in our DMD boys seems likely because of cardioembolic events on the basis of their preexisting cardiomyopathy. In this context, it is noteworthy that the majority of previously reported DMD patients with strokes showed evidence of dilated cardiomyopathy (Table) . In contrast, atrial fibrillation is a rather rare condition in DMD cardiomyopathy. 13 Although almost all DMD patients, who benefit from major improvements in symptomatic multidisciplinary care, will have cardiomyopathy in adulthood, 14 there are currently no standard guideline recommendations for preventive anticoagulation or antiplatelet therapy in juvenile and adult DMD patients. Thus, regular cardiological assessment of all DMD patients is mandatory to evaluate the individual risk profile for cardioembolic events and to adapt therapeutic strategies. 15 
